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OF CALIFORNIA-RESOURCES AGENCY WILLIAM E. WARNE, Direcfor

ARTMENT OF WATER RESOURCES
)OX 388

MENTO

June 16, 1965

Honorable Edmund G. Brown, Governor, and
Members of the Legislature of the
State of California

Gentlemen

:

Bulletin No. 121, "Southern Lahontan Area Land and Water Use
Svirvey, 196I", was prepared as a part of the Department of Water Resources'
continuing program of studies, pursuant to Sections 225, 226, and 232 of
the California Water Code.

Portions of Mono, San Bernardino, Kern, ajid Los Angeles Counties,
and all of Inyo County were surveyed during the investigation. For the
northern portion of the area, changes in land and water use since 1950

>

the year of the previous survey, are evaluated in the report. For the
southern portion of the area, changes in land and water use since 1957
are evaluated.

The investigation found that during the 11-year period between
1950 and 1961, the water service area in the northern portion of the study
area decreased about 30 percent, and the net water use decreased about
50 percent, or approximately li+,100 acre-feet. In the southern portion
of the area, the water service area increased about 64 percent between
1957 and 1961, and the net water use increased about 38* 500 acre-feet,
or 20 percent.

The increasing need for water in the desert areas of Southern
California, coupled with already deficient local water supplies in many
localities, points up the need for continued participation by residents
of this area in statewide planning and construction of water resources
developments.

Sincerely yours,

A,

Director
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AUTHORIZATION

The California Legislature of I929 enacted legislation, providing

for investigations of the kind reported here, as follows:

"SECTION 1. Out of any money in the State treasury not
otherwise appropriated, the sum of four hundred fifty thousand
dollars,* or so much thereof as may be necessary, is hereby
appropriated to be expended by the State Department of Public
Works in accordance with law in conducting work of exploration,
investigation and preliminary plans in furtherance of a coordi-
nated plan for the conservation, development, and utilization
of the water resources of California including the Santa Ana
River and its tributaries, the Mojave River and its tributaries,
and all other water resources of Southern California."
(California Statutes of I929, Chapter 832, Section l)

Subsequent sessions of the Legislature have appropriated funds

for support of programs of the Department of Water Resources. Portions

of these funds have been utilized for continuing investigations of the

water resources of Southern California in accordance with the legislative

intent expressed in the foregoing statute and in Sections 225 an<i 226 of

the California Water Code

.

The Department of Water Resources was directed by the Legislature

in 1956 to make continuing investigations to develop "information as to

water which can be made available for exportation from the watersheds

from which it originates without depriving those watersheds of water

resources for beneficial uses therein" . This legislation specifically

req.uested investigation of and reports on the following matters:

"(a) The boundaries of the respective watersheds of the
State and the quantities of water originating therein; (b) The
quantities of water reasonably required for ultimate beneficial
use in the respective watersheds; (c) The quantities of water,
if any, available for export from the respective watersheds;

Reduced by the Governor to $390,000.

Vlll



(d) The areas v/hich can be served by the vater available for
export from each v.-atershed; and (e) The present uses of water
within each watershed together with the apparent claim of
water right attaching thereto, excluding individual uses of
water involving diversions of small quantities which, in the
judgment of the Director of Water Resources, are insufficient
in the aggregate to materially affect the quantitative deter-
minations included in the report."

Pursuant to the foregoing legislation, the Department of Water

Resources begaji a program of continuing surveys of land and water use in

the v;ater-deficient Southern California area during 1957. Surveys are

made in portions of the entire Southern District, so that land and water

use are determined at periodic intervals for every area in the District.

ACKNOWLEDGMEOT

Valuable assistance and data used in this investigation and

report v/ere contributed by public and private agencies. The cooperation

and assistance received from these agencies is gratefully acknowledged.
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CHAPTER I. INTRODUCTION

Water is the essential ingredient that transforms dry wastelands

into productive property, useful for agriculture, \irban growth, industry,

and recreation. Once a practical, economical method of obtaining water

is found, a^iciiltural, urban, £ind industrial growth can take place.

Certain parts of the southern Lahontan area are thus being

chajiged from desert land to productive land, and the resulting influx of

population and industry has brought a rapid expansion of the small commu-

nities. This is especially true of those communities located close to the

large population centers of Southern California.

Recognizing the rapid chsmge that is taking place in land use

within the water-deficient areas of Southern California, the State Legislature

has authorized the Department of Water Resources to make continuing surveys

of land and water use throughout the area. This bulletin is one in a series

that presents resxilts of the surveys made during I961. It gives information

on the rate of growth and development and the increasing need for water

development in the southern Lahontan area of California under conditions

that existed in the summer of 1961.

Objective and Scope of Investigation

The objective of this investigation is to develop information

on which present and future water requirements can be established.

Land use information provides basic data from which present water

requirements can be computed. A knowledge of historical growth patterns

of land use not only permits such computations but, of more importance to

the overall planning concept, permits an analysis of the direction and
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Water is the essential ingredient that transforms dry, barren areas
into productive land, useful for such things as agriculture.
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magnitude of land use chemges taking place from one sxirvey to another.

This information, coupled with computations of changes in water use, pro-

vides the basis upon which future water requirements are determined, and

upon which the planning for importation and distribution systems is carried

out. The material presented here is intended for the use of agencies

responsible for making the most effective use of existing water supplies

and for developing additional supplies to meet ciirrent and expected

deficiencies.

Present land use was determined from an extensive field survey

of the southern Lahontan area of California conducted during the siommer

of 1961. The area surveyed is shown on Plate 1, "Area of Investigation

and Hydrographic Units".

In addition to showing present land use, this report also pre-

sents a narration of historical land use development and an estimate of

the present levels of water use . Results of previous land use studies

conducted for California State Water Resources Board, Bulletin No. 2, "Water

Utilization and Requirements of California", June 1955 > and California

State Department of Water Resources, Bulletin No. 101, "Desert Areas of

Southeastern California Land and Water Use Survey, 1958", January 1963}

served as the basis for comparison between historical and present land

use determinations. Information on local water supplies was obtained

from material in the Department's files and from operating agencies in

the area of investigation.

Terms used in this report that require clarification are defined

at the point where they first occ\ir in the text, and are supplemented by

a list of definitions, presented in Appendix A.
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Land use information collected by the Department of Water

Resources is processed by machine techniques which permit the evaluation

of these data in terms of a sizable number of hydrologic, geographic, or

politiceil subdivisions with different boundaries. The tabulations in the

main body of this report give land use within the boundaries that are

thought to be the most generally useful. Additional land use tabulations

for hydrologic units, subunits, and subareas are given in Appendix B. The

boundeiries of these areas are shown on Plate 2, "Hydrologic Units, Subunits,

and Subareas". Appendix C contains a list of districts, areas, and units

for which individual tabulations of I961 land uses can be obtained by

machine methods, based on data available in the Department's files.

Related Investigations and Reports

The California Legislature of 19^1-7, by Chapter 15^1, Statutes

of 19^7^ appropriated funds for predecessor agencies and the Department

of Water Resources to conduct a comprehensive investigation of the water

resources of the entire State of California. The investigation had as

its purpose the preparation of The California Water Plan. Results of the

investigation are contained in three publications: California State Water

Resources Board Biilletin No. 1, "Water Resources of CaJ.ifornia", 19515

California State Water Resources Board Bulletin No. 2, "\7ater Utilization

and Requirements of California", June 1955; and California State Department

of Water Resources Bulletin No. 3, "The California Water Plan", May 1957-

The investigations for Bulletin No. 2 included a survey of land use and a

determination of water utilization in the southern Lahontan area for 1950.

More recent land and water use information was published in Bulletin

No. 101, entitled "Desert Areas of Southeastern California Land and Water



Use S-jrvcy, I958" • This bulletin presents 1957 land and W3,ter use data

for the Antelope Valley, Southern Death Volley, and Ilojave River Ilydro-

graphic Units, and 1958 data for the remainder of the southeastern desert

ai'ea. The 195T information was used extensively in this bulletin for

comparison purposes.

Tile following reports also contain information pertinent to

land and water use within the southern Lahonten area:

Blajiey, Harry F. and Ewing, Paul A. "Utilization of the '.Taters of Mojave
River, California." United States Department of Agriculture.
August 1935.

California State Department of Engineering. "Report on the Utilization
of Mojave River for Irrigation in Victor Valley, California."
Bulletin No. 5- I918.

California State Department of Public Vforks, Division of Water Resources.
"Mojave River Investigation." Bulletin No. k^ . 193^.

"Report on Senate Committee on Local Governmental Agencies on Water
Su7 '„ rnd Use of Water in Mono- Inyo Basin, California, Pursuant to

Comi.u-ttee Resolution Adopted November 25, 19i<-T." March 19^4-8.

Conkling, Harold. "Report on Owens Valley Project, California." Department
of the Interior, United States Reclamation Service. September I92I.

Lee, Charles. "An Intensive Study of the Vfeter Resources of a Part of C^^rens

Valley, California." United States Department of the Interior,
GeologicaJ. Survey, Water Supply Paper 29^. 1912.
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CHAPTER II. AREA OF INVESTIGATION

The area of investigation consists generally of the territory

between the Nevada^California state line on the northeast, and the Sierra

Nevada and Tehachapi Mountains on the west. The southern boundary is the

drainage divide of the San Gabriel, San Bernardino, Providence, and New

York Mountains. The area, which is shoim on Plate 1, extends about

300 miles from the drainage divide north of Mono Lake, to the Providence

and New York Mountains on the south. Included in the 26, 669- square mile

area of investigation are portions of Mono, San Bernardino, Kern, and

Los Angeles Counties, and all of Inyo County.

This chapter gives information on the climate, cultural develop-

ment, and water supply of the area as a whole, and also presents a brief

description of each of the hydrographic units contained in the area of

investigation.

Climatic Conditions

The southern Lahontan area is a region of broad desert valleys

occasionally interspersed •vn.th and separated by barren mountain ranges.

Climatic conditions vary widely with topography and latitude, but are

generally characterized by light rainfall with extreme changes in seasonal

and day-to-night temperatures. Summer daytime temperatures are high

except at high elevations in the mountains, and winter temperatures

below 32 F. are conmion in the high mountains and frequently occur over

much of the area.

Annual rainfall varies from about 2 to T inches in the desert

valleys, while the mountain and upper desert axeas experience greater
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Annual rainfall varies from about two to six inches in the desert valleys,

while the mountains experience greater amounts of precipitation in the

form of snow.



amounts of precipitation in the form of snow. This precipitation, although

extremely light and sporadic over much of the area, is the major source of

ground water replenishment. Typical mean seasonal depths of precipitation

in desert valleys are 6.1 inches at Bishop, 1.6 inches at Greenland Ranch

in Death Valley, U.7 inches at Independence, k.^ inches at Mojave,

T.6 inches at Lancaster, U.l inches at Barstow, and 5-5 inches at

Victorville. Mountain areas, such as Lake Sabrina in the Sierra Nevada

west of Bishop and Big Pines Park in the San Gabriel Mountains, experienced

a mean seasonaJ. precipitation of l6.1 inches and 25.6 inches, respectively,

during the period from 1897-98 'to 19^6-^7- Generally, precipitation occurs

from November through April for the entire area.

Cultural Development

The barren, semiarid character of the southern Lahontan area has

greatly limited cultural development. It is mainly confined to valley

areas where ground water supplies are available.

Irrigated agriculture is the primary economic activity through-

out much of the area. Relatively large acreages are irrigated in Antelope

and Mojave River Valleys by the use of ground water. Crops planted to

the largest acreages are alfalfa, pasture, and field crops. The raising

of livestock is a secondary agricultural, activity in the Lahontan region

and is usually undertaken in areas where irrigation is impractical.

In Mono Lake and Owens River Units, a substantial part of the

habitable land is o'iTned outright by either the United States or the City

of Los Angeles, and practically all federal land is withdrawn from public

entry for protection of the water supply of the City of Los Angeles.



However, much of the federal land is open to mineraJ. entry, grazing, and

recreation. The City of Los Angeles leases substantial acreages to agri-

cultural operators, and a large percentage of the land owned by the City

is open to hunting, fishing, and hiking, thus making the area one of the

State's finest recreational areas. During years when water supplies in

the two basins are more than sufficient to meet the City's exportation

requirements, the City makes water available for irrigation of leased

lands. In addition, during wet years the City spreads excess water over

the land surface, thereby supporting the growth of native grasses. During

dry years, little or no water is available for irrigation of leased lands

or for spreading. The survey period occurred during a dry year and no

water was spread on surrounding agricultural lands, so the acreage of

irrigated agriculture reported for Owens River and Mono Lake Units reflect

the minimum irrigated area.

Mining is the major industry in the southern Ls-hontan region.

Mineral deposits, including saline deposits in dry lakebeds, constitute

the majority of extracted materials. Many of these minerals have fluc-

tuating market prices, hence, much of the mining tends to be sporadic.

Gravel and limestone deposits, which provide the raw materials for more

stable forms of raining, are also located in the territory.

Recent increases in industrial and recreational activities have

resulted in increased population in many urban areas. Table 1 shows

population in 19^, 1950, and i960 in three principal cities as v;ell as

four unincorporated urban centers. The unincorporated urban centers do

not have fixed boundaries, thus population figures over the years are

not entirely comparable. Population for the portion of each county

-10-



contained within the southern Lahontan area for the years 19^0, 1950, and

i960 is shown in Table 2.

TABLE 1

POPULATION OF PRINCIPAL URBAN CENTERS Df
SOUTHERN LAHONTAN AREA

City :



Water Supply

When a winter storm passes over the eastern part of California

dropping snow on the rugged High Sierra, rainfall pelts the desert slopes

of the San Gabriel and San Bernardino Mountains. Creeks fill and converge

with larger streams on the valley floor. Some of the runoff continues

over long distances, but much of it disappears underground to vast subsur-

face reserves. The intermittent stream is a characteristic of the Lahontan

area, with the exception of a few perenniaJ. streams in l>Iono Basin and Owens

River Valley.

During the summer, a flash flood may momentarily fill desert

arroyos with torrents of water, tumbling huge boulders in paths of destruc-

tion; but this product of the summer thunderstorm evaporates quickly under

the intense heat of the desert sun, and adds little to the overall water

supply

.

The development of water supplies has been influenced to a large

extent by the growth patterns of urban lajid uses and irrigated agriculture.

Three areas that have been affected by accelerated land use changes £Lre

Antelope Valley, Mojave River, and Mono-Owens River areas.

The Antelope Valley area relies to a large extent on ground water

extractions, which in i960 amounted to an estimated 307,000 acre-feet.

Though the storage capacity is great, ground water levels throughout the

Antelope Basin have been dropping over the past 30 years . Continuous over-

draft has caused some water tables to drop as much as 120 feet during the

past 20 years . The need for imported water to meet overdraft conditions

and to provide for future growth requirements led to the formation of the

Antelope Valley-East Kern Water Agency. The safe yield of local water

12-



supplies within the agency boundary has been estimated to be 6o,000 acre-

feet per year. Overdraft in this same area is estimated to be 93,500 acre-

feet per year. To alleviate the water shortage, this Agency has contracted

for a maximum entitlement of 138,1+00 acre-feet annually of state project

water to be delivered beginning in 19T2.

Local water supplies in the Mojave River area are surface flow

at several locations along the river and ground water basins . Water levels

are gradually dropping, particularly in the Upper, Middle, and Lower Mojave

Hydrologic Subunits where the Department estimates local water supplies

to be about 73,000 acre-feet per year. Tlie deficiency in this area was

approaching 35,000 acre-feet annually by I96I. The Mojave Water Agency

was formed in 1959 'to provide for future water needs, and has contracted

for a maximum delivery of 50,800 acre-feet of water annually from the

California Aqueduct with deliveries to begin in 1972.

Other water service agencies contracting for state project water

are the Palmdale Irrigation District (17,300 acre-feet annually), Crestline-

Lake Arrowhead Water Agency (5,800 acre-feet annually), and the Littlerock

Creek Irrigation District (2,300 acre-feet annually).

The Mono and Owens River areas contain large ground water

reserves supplied by a seasonal natural runoff which has been estimated

to be 726,000 acre-feet per year. A portion of this water is exported

to the south coastal area by the City of Los Angeles through the Los Angeles

Aqueduct. V/ater is diverted from Mono Basin and conveyed through tunnels

to the headwaters of the Owens River. Vfater is then diverted into the

aqueduct from the Owens River at a point about I5 miles south of Big Pine

and is transported 233 miles through conduit to the City of Los Angeles.

13-



This export has amounted to about 3^2,000 acre-feet per year, the present

capacity of the aqueduct. The City of Los Angeles has announced plans to

export an additional 152,000 acre-feet of water per year through a pro-

posed second "barrel of the Los Angeles Aqueduct.

Hydrographic Units

To facilitate hydrographic analyses, the southern Lahontan

Hydrographic Area was divided into six hydrographic units, based on consid-

eration of surface draina-ge, cultural development, and the geology of

ground water occurrence. These units and their numerical designations are:

iVLono Lake (6-T), Adobe Valley (6-8), Owens River (6-9), Death Valley (6-10),

Mojave River (6-11), and Antelope Valley (6-12). Table 3 lists the gross

area of each of the hydrographic units

.

TABLE 3

AREAS OF HYDROGRAPHIC UNITS, SOUTHERN LAHONTAN AREA

Hydrographic ujiit
'

Acres

429,000
188,000

2,005,000
9,858,000
3,o6U,ooo
1,52^,000

Mono Lake



investigational area and is bounded on the west by the rugged Sierra

Nevada and on the east by the California-Nevada state line

.

Mono Lake, covering an area of 86 square miles and reaching a

maximum depth of I50 feet, is the major feature of the area. The waters

of this lake are unsuitable for general use due to the large mineral con-

tent, which is considerably in excess of that of the Pacific Ocean.

The original industry in the area was raining which began in the

l860's, although some ranching was also attempted at that time. The mining

boom eventually subsided and population in the area declined rapidly.

At present, the Federal Government has withdrawn a large per-

centage of the land to protect the v;ater supply of the City of Los Angeles,

which has built storage reservoirs and stream diversion fpcilities in the

area.

Recreational use of the lakes and streams is a major activity

in the area. The numerous lakes receive the heaviest recreational demand

for fishing, hiking, camping, end water sports.

Adobe Valley Unit (6-8)

The Adobe Valley Unit is a small irregular- shaped area southeast

of the Mono Lake Unit as shown on Plate 1. The unit is bounded on the

north by the California-Nevada border, on the east by the Benton Range,

on the south by the drainage boundary running through Glass Mountain, and

on the west by the Cowtrack Mountain Divide. The bordering mountains

range in elevation from 7,100 to 11,100 feet.

Development of ground water supply in the basin area has been

limited because most of the land is in federal ownership, and therefore

vrithdrawn from entry. For this reason, cattle raising has become the

-15-



major industry. The northeast end southvest portions of the basin con-

stitute a part of the Inyo Netiona.1 Forest and are thus unavailable for

private use

.

Owens River Unit (6-9)

The Ov/ens River Unit, consisting of approximately 3^100 square

mileS;, is a long, narrow area bordered on the north by the Mono Lake and

Adobe Valley Units as shoi^m on Plate 1. The southern boiondary crosses

the north portion of the Coso Mountains. The east boundary of the unit

consists of the Vfliite and Inyo Mountains and the west boundary, the

Sierra Nevada,.

This hydrographic unit contains the entire deeply incised valley

surrounding the Qv/ens River. Lake Crowley, Owens Lake, and part of Haiwee

Reservoir are also included in the Unit.

Recreational facilities are located extensively throughout the

Owens River area and are the most rapidly developing activity. A large

number of streams, lakes, and reservoirs located on the basin floor and in

the Sierra Nevada foothill area are used primarily for fishing. Other activ-

ities in the area include camping, hiking, hunting, and various water sports,

Death Valley Unit (6-10)

Largest of the southern Lahontan hydrographic units is the Death

Valley Unit, which contains about 15,U00 square miles of desert area. The

unit boundaries, as shown on Plate 1, consist of the Mojave River drainage

divide and the Antelope Valley Hydrographic Unit on the south, the

California-Nevada state line on the northeast, and the drainage divide

of the Tehachapi, Sierra Nevada, Inyo and vrnite Mountains on the west.
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Within the unit there are limited farming and grazing. Indus-

trial activity is centered around the mining of saline deposits, but the

most noteworthy feature of this unit is the popularity of Death Valley

as a winter recreational center. Close to ^00,000 vacationers visited

the area during I961.

Mojave Ri/er Unit (6-11)

The southernmost unit of the Lahontan Hydrographic Area is the

Mojave River Unit. This unit, comprising i)-,800 square miles, is bordered

by the Death Valley Unit on the east and north and the Antelope Valley

Unit on the west. The southern extent of the area, as shovm on Plate 1,

is terminated by the Ord, Providence and New York Mountains.

The principal water supply in the area is the ground weter along

the Mojave River and its tributaries. This supply has resulted in a rela-

tively consistent development of agriculture.

Mining, consisting of sporadic extraction of minerals, is the

major industry of the area; but the large cement menufecturing plants

with more stable productions are a greater stimulus to gro^.^rth.

Because the major portion of this territory is vrithin relatively

easy driving distance of the greater Los Angeles area, weekend recreation

has become an important activity during the winter months when many people

seek a weekend of rest and quiet in the mild desert climate.

Antelope Valley Unit (6-12)

The Antelope Valley Unit is a triangular- shaped area with the

northern apex near Randsburg in Kern County, as sho-im on Plate 1. The

northwest and southwest boimdaries parallel the Tehachapi and San Gabriel

Mountains, respectively.
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Asriculture has been the most important activity in this area

until recently, with about 63,900 acres devoted to irrigated fanning.

In the last two decades, aircraft, defense, and related industries have

become increasingly more important to the economj''. Hov/ever, smaller

industries are still generally associated \rith agricultural needs end

developments

.

This area is similar to the Mojave River Unit in that \finter

recreational activities have increased tremendously in the last few

decades due to the warm desert climate and its proximity to the greater

Los Angeles area.
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CHAPTER III. lAMD USE

The type, location, and areal extent of present land use within

the study area vrere determined by a detailed land use survey conducted

during the summer of I96I. The results of that survey are presented in

this chapter, along vrith a discussion of methods and procedures used in

classifying results. This chapter also presents comparisons of land use

found during the present siorvey and during previous surveys.

Methods and Procedures

Mapping of the southern Lahontan area was initiated in July I96I

by Department field crews . All the land use types requiring applied water

were delineated by the survey crews on the most recent vertical aerial

photographs available, except for some isolated development east of Bishop

near the Nevada state line where photos were supplemented by United States

GeologicaJL Survey quadrangle maps. In the office, field delineations were

transferred by projection to reproducible prints of United States Geological

Survey quadrangle maps at a scale of 1 inch equals 2,000 feet. These maps

served as area control maps, ensviring the accuracy of the succeeding pro-

cesses, while the reproducible prints seized as masters for reproducing

land use delineations on vellum prints. The individual areas of land use

types were cut from the vellum prints and weighed, and, by machine compu-

tation, these weights were converted into total acreages of individual

land use types.

For a critical hydrologic analysis, determining and compiling

all types of land use for the entire hydrographic unit would be desirable.

This would permit a comprehensive analysis and evaluation of the various
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levels of water use for the entire area. However, such a complete compi-

lation is not felt to be warranted at present. Therefore, the usual

practice is to map in their entirety only those areas which are underlain

by water-bearing material. In those areas which are not underlain by

water-bearing material, only types of land use requiring applied water

are mapped. All other types of land use in areas not underlain by water-

bearing material are tabulated in a category called "unclassified".

Classification of Land Use

For analysis and presentation, the various land uses were grouped

into two major categories under water service areas — urban and suburban

and irrigated agriculture -- and into three major categories under nonwater

service areas — nonirrigated agriculture, native vegetation, and unclas-

sified. Both major categories under water service areas include several

classes of land use, and these sevei-al classes consist of various types

of land use, grouped according to their i-rater requirements.

The major categories, classes, and types of land use included

in the classification ore as given in the outline below. The classes of

land use given here are similar to those used in the previously mentioned

Bulletins Nos. 2 and 101, except that parks, golf courses, and cemeteries,

classified as irrigated pasture in Bulletin No. 2, are included under

unsegregated urban and suburban area in this report.

In delineating land use types in the field, no attempt was made

to exclude such items as streets, roads, railroeds, powerline rights-of-

way, and other essentially nomrater- using lands occurring v/ithin the sur-

veyed areas. Instead, these land uses were extracted from overall land
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WATER SERVICE AREA

Urban and Suburban Category

Class of Land Use

Residential

Recreational residential

Type of Land Use

Single and multiple family houses
and apartments, institutions, motels,
1- and 2- story hotels, trailer parks,
and residential subdivisions under
construction at time of survey.

V/eekend and summer home tracts
V7ithin a primarily recreational
area.

Commercial

Industrial

All classes of commercial enter-
prises, including strip commercial,
do'vmtoi-m commercial, and schools,
but excluding 1- and 2- story hotels,
motels, and institutions.

All classes of industrial land uses
involving manufacturing, processing,
and packaging, but excluding extrac-
tive industries (oil, sand, and

gravel), air fields, and storage,
distribution, and transportation
facilities.

Unsegregated urban and
suburban area . . . ,

Included nonwater
service area

Irrigated Agriculture Category

Class of Land Use

Alfalfa

Farmsteads, dairies, livestock
ranches, parks, cemeteries, and
golf courses.

Oil fields, tank farms, vacant lots,

quarries, gravel pits, warehouses
and storage yards, railroads, public
streets, landing strips of airfields,
and subdivisions with streets and
utilities in place but vdth no

buildings constructed.

Type of Land Use

Alfalfa raised for hay, seed, or

pasture

.

-21-



Class of Land Use (continued) Type of Land Use

Pasture Irrigated grasses and legumes other
than alfalfa used for livestock

* forage

.

Citrus and subtropical . . Oranges, lemons, grapefruit, tange-
rines, avocados, dates, and olives.

Truck crops Vegetables of all varieties, melons,
flower seed, and nursery crops.

Field crops Cotton, sorghum, sugar beets, and
field corn.

Deciduous fruits and nuts . All varieties.

Small grains Barley, wheat, and oats.

Vineyards All varieties.

Fallow Tilled, between crops.

Included nonwater
service area Public highways and roads, farm

access roads, canals, and other
inclusions not devoted to crop
production, including idle and
abandoned lands.

NONWATER SERVICE AREA

Type of Land Use

Nonirrigated Agriculture Category All nonirrigated agriculture over-

lying defined ground water basins.

Native Vegetation Category Native grasses, brush, and trees,

including phreatophytes, overlying
defined ground water basins

.

Unclassified Category Bare ground, including river washes
and beaches, and water surfaces
overlying defined ground water
basins. Also includes nonirrigated
agriculture and native vegetation
not overlying defined ground water
basins.
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use totals "by applying to each major leind use class a percentage value,

or reduction fsictor, appropriate for that class. These amounts extracted

were then classified as "included nonwater service area" . Reduction

factors were derived "by analyzing eierial photographs to determine the

area in streets, roads, and rights-of-way within field delineated parcels

of land use. These nonwater- using areas were then compared to the gross

delineation in order to derive the reduction percent. The appropriate

reduction factors for the major classes of land use are presented in

Table k. The net acreage values used in the tables summarizing land use

represent the gross acreage values minus those portions of the gross values

that have been deducted for these included nonwater service areas.

TABI£ h

FACTORS FOR REDUCTION OF GROSS AREAS
TO NET WATER SERVICE AREAS

Land use ] Percent deducted from gross area

Residential 20
Commercial 30
Industrial, manufacturing 25
Schools 15
Parks, cemeteries, and golf courses 15
Feedlots, dairies 10
Farmsteads 5
Irrigated agriculture 5

Many areas located within military reservations throughout the

area of investigation were restricted to entry and thus could not be

mapped in the field. Consequently, the land uses occurring within the

boundaries of the military reservations are included in the summary

tables under the category "unclassified".
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Results of Land Use Survey

Important to the investigation is not only the present land use,

but also the comparison of present \ri.th. past land use. From these compar-

isons, the investigator can analyse the direction and size of land use

changes. By combining these with computations in changes of ^rater use,

he can estimate future water requirements

.

Present Land Use

The results of the land use survey indicate that more than

187,000 acres of land in the southern Lahontan area required water service

in 1961. As shovm in Table ^, which summarizes land use on the basis of

hydrographic units, about 98,000 acres of this total were included in the

urban and suburban classes, while more than 89,000 acres -^rere in the irri-

gated agricultural classes. Table 5 also shows that about 158,000 acres,

or approximately 84 percent of the total la.nds requiring V7ater service,

are located vrithin two hydrographic units - the Mojave River and Antelope

Valley Units

.

Table 6 summarizes land use within counties in the area of

investigation. Appendix B lists land use in hydrologic units, subunits,

and subareas of the southern Lahontan area.

Details of the patterns of land use in the survey area are given

on Plates 3A, 3B, 30, and 3D, "Present Land Use". Although the acreages

of nonwater service areas within urban and suburbein and irrigated agri-

cultural areas are shown individually on the tables in Appendix B, they

were not differentiated on the plates. Also, no differentiation was made

on these plates between developed nonwater service lands, such as

21+.



OPEN PIT MINING OF BORATE ORES Spence Air Photos

The southern Lahontan area is a major supplier of borates,
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nonirricated agriculture, and undeveloped nonvater ser^/ice lands, such

as native vegetation.

In the southern Lo-hontan area, water ser/ice to municipalities

and other urban and suburban areas is provided by coromercial water com-

panies and a voriety of miscellaneous public water agencies, while water

developments for irrigated agriculture have been made by private individ-

uals through the use of ground water and, to some extent, through surface

water diversions. Table T summarizes land use within the boundaries of

the two small irrigation districts in Antelope Valley. VJithin recent

years two large water agencies were organized in the Mojave River and

Antelope Valley areas expressly for contracting for imported water to be

made available through the State V7ater Facilities. The Mojave Wo,ter Agency

is located in San Bernardino County and the Antelope Valley-East Kern Water

Agency is located in Los Angeles and Kern Counties. Land uses occurring

within the boundaries of these agencies ore also summarized in Table J.

Portions of the Mojave Water Agency and the Antelope Valley-East Kern

Water Agency that fall outside the area of investigation are not included

in Table T. The boundaries of the four agencies listed in Table T are

shown on Plates 3C and 3D-

Changes in Land Use

Major changes were found in the area requiring water service

as the most recent survey that was conducted in the study area north of

Kern and San Bernardino Counties was in 1950, 3Xid the last survey south

of this line was in 195T.

As shown in Table 8, in the northern portion of the investiga-

tional area, the gross urban and suburban water service areas increased
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TABLE 7

LAND USE IN SERVICE AREAS OF MAJOR WATER AGENCIES
OF THE SOUTHERN LAHONTAN AREA IN I96I

In acres

Category and class of land use

Littlerock : : Antelope :

Creek : Palmdale :Valley-East : Mojave
Irrigation : Irrigation :Kem Water : Water
District : District : Agency : Agency

Total

R SERVICE AREA
baji and Suburban
Residential
Recreational residential
Commercial
Industrial
Unsegregated urban euid suburban area

Subtotals

Included Nonwater Service Area

Gross Urban and Suburban Area

rigated Agriculture
Mfalfa
Pasture
Citms and subtropical
rruck crops
Field crops
Deciduous fruits and nuts
Small grains
Vineyards

Subtotals

Fallow
Included Nonwater Service Area

Gross Irrigated Agriculture

GROSS WATER SERVICE AREA

^TER SERVICE AREA
:ilrrigated Agriculture
live Vegetation
:la3sified

GROSS NONWATER SERVICE AREA

TOTALS

570

U80

50 55,^^00

2,210
5,660

13,690

300

uo



from about 800 acres in 1950 to 5,300 acres in I96I, while the gross

agricultural water service areas decreased from about 15,600 acres in

1950 to 6,300 acres in I96I. This represents an overall decrease in

gross water service area from l6,U00 acres in 1950 to 11,600 acres in

1961, or about 29 percent.

In the southern portion of the area of investigation, the gross

urban and suburban water service areas increased from about 17,100 acres

in 1957 to 92,800 acres in I961, however, approximately ij-2,800 acres of

this increase consisted of subdivided land with streets and utilities in

place but \d.th no buildings constructed. The gross agricultural water

service areas decreased from about 90,300 acres in 1957 to 83,100 acres

in 1961. The overall gross area requiring water service increased about

6h percent from about 107,^00 acres in 1957 to 175,900 acres in I96I.

The major part of the decline in irrigated agriculture occurred

in Mono Lake, Adobe Valley, 0\<fens River, and Antelope Valley Units.

Changes in land use in the southern portion of the study area are delin-

eated on Plate h, "Change in Land Use, Antelope and Mojave River Valleys

and Vicinities, 1957 to I961". Changes in land use occurring in each

hydrographic unit are discussed in the following sections.

Mono Lake Unit (6-7) . The gross urban and suburban area

requiring water service in the Mono Lake Unit totaled about 20 acres in

1950 and 320 acres in I96I, The gross irrigated agricultural acreage,

which in I95O was 2,100 acres planted in pasture, was discontinued by

1961 when no irrigated acreage was found.
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Adobe Valley Unit (6-8) . The gross area requiring water service

in the Adobe Valley Unit consisted in 1950 of about 2,i4-00 acres of irri-

gated pasture -v/ith little or no urban and suburban acreage. In I961, no

irrigated agricultural acreage existed, and the urban and suburban acreage

was found to be less than five acres

.

Owens River Unit (6-9) . A large increase in the gross urban and

suburban area occurred in the Ch-rens River Unit. In 1950, about 8OO acres

were subject to this land use, and by I96I this acreage had increased to

about i4-,200. Irrigated agriculture decreased during the same period from

about 10,100 acres to ^+,900 acres, a decrease of about 5I percent. The

largest decrease in irrigated agricultural acreage occurred in alfaifa

which dropped from U,800 acres in 1950 to about 1,U00 acres in I96I.

During the same period, the acreage in irrigated pasture dropped from

i<-,600 acres to about 2,500 acres. The acreages in alfalfa and pasture in

Qi/ens Valley are subject to wide fluctuations from year to j'ear depending

on the availability of surface ira-ter supplies, as discussed in Chapter II.

Death Valley Unit (6- 10) . Because the most recent land use

survey in the northern portion of the Death Valley Unit (that above the

Kern-San Bernardino- Inyo county line) was in 1950, and that of the southern

part was in 1957, the unit has been similarly divided in the discussion

that follows

.

Northern Death Valley . The gross water ser^/ice area in

the northern part of Death Valley Unit shoired an increase of about 1,200

acres during the 11-year period. Urban and suburban acreage increased
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from 20 acres to about 800 acres, or ko times, ajid irrigated agricultural

acreeige increased from 1,000 acres in 1950 "to approximately 1,U00 acres

in 1961.

Southern Death Valley . The gross urban and suburban area

in the southern part of Death Valley Unit increased about 10,700 acres,

or approximately six times, between 1957 and I961. However, a large por-

tion of this expansion (6,000 acres) was in lands that consisted of sub-

divisions with streets and utilities in place, but with no buildings

constructed. Irrigated agriculture decreased substantially during the

same period, from 11,800 acres in I957 to 5,200 acres in I961, with the

largest decreases being in field crops, alfalfa, and small grains.

Mojave River Unit (6- 11) . The Mojave River Unit experienced an

increase of approximately ^4-8,200 acres in gross water service area between

1957 and 1961. UrbaJi and suburban acreage increased from ij-,100 acres in

1957 to 50,900 acres in I96I. Of this i»-6,800-acre increase, 3,200 acres

were classified in the recreational residential category, which consists

of small buildings occupied essentially during vacations or weekends on

large (2.5 acres or more) lots. In addition, 28,900 acres of the i4-6,800-

acre increase in urban and suburban area consisted of subdivisions with

no buildings constiiacted , The gross irrigated agricultural acreage

increased from 12,500 acres in 1957 to 13,900 acres in I96I, or about

11 percent.

Antelope Valley Unit (6-12) . The gross urban and suburban area

requiring water service in the Antelope Valley Unit increased from about

10,800 acres in 1957 to 29,000 acres in I96I, or more than 2-l/2 times.
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Approximately 7,900 acres of this l8,200-acre increase occurred in sub-

divisions with no buildings constructed, vhich are classified in the

"Included nonwater service area" category. Irrigated agriculture decreased

slightly during the ssime period, from 66,000 acres to 63,900 acres, a

decrease of about 3 percent.
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CHAPTER IV. WATER USE

The land areas occupied by various types of water- using develop-

ments in the southern Lahontan area were described in Chapter III. Because

this leind use was classified on the basis of water requirements, appropri-

ate unit values of water use can be applied to estimate the I96I level of

water use in this area. This information is necessary so that adequate

programs of water resource development can be planned and implemented to

meet the needs of the future growth of the area.

This chapter defines water use, presents the methods used in

estimating water use, gives the unit values of water use, and estimates

1961 net water use.

Definition of Water Use

The term "water use" is employed in the broadest sense to include

all uses of water by nature under native conditions and by man-made modi-

fications of those natural conditions. It implies the application of water

to any one or all of innumerable kinds of uses, both consumptive and

nonconsumptive

.

Consumptive use is the utilization of water from any source in

the process of vegetative growth, such as transpiration and the building

of plant tissue, and the evaporation of water from the soil around the

plant and foliage, as well as from water surfaces. It also includes the

consumption or evaporation of water by urban and nonvegetative types of

land use.

In addition to the consumptive use of water as defined above,

other irrecoverable losses may also take place. These include such items
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as deterioration in v/ater quality to the point where the water is imsuit-

able for reuse, disposal or seepage of the unconsumed water to bodies of

unsuitable quality, and disposal or seepage of the unconsumed water in

such a manner as to be uneconomical of recapture for use

.

In general, the water for consumptive use is obtained from two

sources: natural sources, including direct precipitation and surface

runoff, and, as a special case, from a high ground water table; and man-

developed sources, that is, water applied through the activities of man.

Water furnished from these man-developed sources is termed "applied water".

It is applied to satisfy the consumptive use in excess of that supplied

from natural sources.

As a practical matter, however, the quantity of water applied

is usually in excess of the consunrptive use, and that portion of the water

that is not consumed or otherwise irrecoverably lost remains part of the

water supply.

That portion of the applied water that is consumptively used

and that which is otherwise Irrecoverably lost is kno-im as the "net water

use". Therefore, the difference between the applied water and the net

water use is the amount of applied water that is subject to reuse as a

part of the common supply. To evaluate the overall needs for water in an

area, the net water use must be determined.

Methods of Estimating Water Use

Thus, in areas where none of the applied water becomes available

for reuse, the net water use can be determined by measuring the total water

applied. On the other hand, in areas where a portion of the applied water

becomes available for reuse, economic and technological, limitations
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MaJiy recreation areas, centered axoimd lakes and streams, have

been and are still being developed and utilized in the southern

Lahontan area.
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generally preclude measurement of the volume of return flow of reusable

water. The net water use in these areas must be determined in another

manner; therefore, an indirect method is used.

Using the indirect method most commonly employed, estimates of

net water use are obtained by multiplying the areas of the various classes

of water-using developments by appropriate average values of unit water

use. These unit values of water use reflect average conditions of precip-

itation and the normal practices associated with urban water distribution

and with irrigated agriculture. Variations from normal or average in

these factors during the specific year that a land use survey is conducted

may result in a difference between the estimated emd actual water use

during that year. Despite this possibility, the procedures used in this

survey are considered adequate and the figures on current levels of water

use are thought to be reasonable. Furthermore, these estimates of net

water use are believed to be sufficiently sound to permit their use in

determining adequacy of presently available water supplies and in planning

for such additional supplies as will be necessary to meet current or

expected future deficiencies.

Unit Values of Water Use

A complete discussion of the techniques employed in the deriva-

tion of unit values of water use is contained in California State Water

Resources Board Bulletin No. 2 (listed earlier); consequently, only a

very general discussion of those techniques is set forth here. The unit

water use values are divided into the general categories of urban and

suburban water use values and irrigated agriculture water use values.

ko-



Urban and Suburban Water Use Values

A review of the unit vaJ-ues of urban and suburban water use

developed for Bulletin No. 2 indicated that, in general, the values

derived in 1950 v/ere still the best estimates available. These values

were, therefore, used in the derivation of the I961 levels of net water

use on urban and suburban lands. The unit values of urban and suburban

net water use are shown in Table 9«

TABIE 9

ESTIMATED MEAN SEASONAL UNIT VALUES OF NET WATER USE ON
URBAN AND SUBURBAN lANDS, SOUTHERN LAHONTAN AREA

In feet of depth

Hydrographic unit
\

Net water use

0.8
0.8
0.9
0.3
1.2
1.0

Mean seasonal unit values of water use on urban and suburban

lands in the desert areas of California were estimated for Bulletin No. 2

from records of measured water deliveries obtained from private and public

water service agencies . In areas where sewage disposed from urban end

suburban areas returns to the ground water body, unit values of water use

were computed by deducting the estimated quantity of such return from the

amount of water delivered to the area. In other areas where sewage is

discharged to the point of final disposal without opportunity for reuse,

the gross delivery was taken as a measure of the net water use.

In the Death Valley, Mojave River, and Antelope Valley Hydro-

graphic Units, the class of land use called "recreational residential"

.Ul.
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in the tables of land use in Chapter III consists generally of small

dwellings on 2.5 to 5-scre tracts. A study made to evaluate the water

requirements of this land use class disclosed that these tracts, v.'hich

were usually occupied less than 25 percent of the time, usually obtained

water supplies from agencies that truck water to the dv.-ellings at a rela^

tively high cost, or the recreationists carried in water, either from

their permanent dvrellings or from nearby sources. Because these supplies

were used for drinking, cooking, and essential washing purposes only, the

total seasonal volume of v:ater used was determined to be very small (on

the order of 0.01 acre-foot per acre). Therefore, this minor use was

neglected in the determination of './ater use in this report. The recrea-

tional residential land use class in the Mono Lake and Owens River Hydro-

graphic Units consisted primarily of summer cabins in mountain resort

areas. These resort areas have a high occupancy from June through

September, and therefore, were included in the evaluation of water use.

Irrigated Agriculture Water Use Values

The unit values of consumptive use of applied water for each of

the irrigated crop classes employed in Bulletin No. 2 was estimated by a

modification of a method developed by Harry F. Blaney and Wayne D. Criddle

of the United States Department of Agriculture. In the present investiga-

tion, as in Bulletin No. 2, the increased use of water resulting from

multiple cropping practices in some localities was considered in esti-

mating average unit values of water use for truck crops. The values thus

derived are presented in Table 10.
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The values shovn in Table 10 represent estimates of the average

consiimptive uses derived from applied water and from precipitation by the

various types of irrigated agriculture. As pointed out before, in the

derivation of the net water use for any given year, the volume of applied

water required is based on the assumption that the precipitation for the

season is approximately equal to the long-time mean. However, as discussed

earlier, the use of applied water in irrigated agriculture will actually

be somewhat larger or smaller in individual years, varying inversely with

the amount of rainfall. A similar effect also occurs in urban use, but

variations of rainfall from year to year have a lesser effect upon the

use of applied water on urban lands than on irrigated lands. The precip-

itation data shoim on Table 10 indicate that the beneficial value of

precipitation is minor.

Estimates of I961 Net Water Use

Estimates of the net water use in the southern Lahontan area

under 1961 conditions of development were made by the indirect method

discussed previously; that is, by applying mean seasonal unit values of

consumptive use of applied water to the areas of each class of land use.

The estimated amoxmts of mean seasonal net water use in hydro-

graphic units of the southern Lahontan area for I96I conditions are pre-

sented in Table 11; values estimated for I95O and 1957 conditions are

also given in this table for comparison.

The unit values used to derive the net v/ater use in Table 11

represent the optimum needs of the various types of water using develop-

ments for mean conditions of temperature and precipitation and, therefore,

provide con^jarable estimates which shov7 general level of water use. The
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actuaJ. water use may have differed from the estimated values derived

herein, because of irrigation practices and variations from the mean in

precipitation and temperature, or because optimum needs were not being met.

Available data from precipitation stations in the desert area

indicate that precipitation over the northern portion of the area of inves-

tigation during 1950 was about 71 percent of normal, based on the 50-year

mesji period I89T-98 through 19^6-UT. In the southern portion of the area,

the precipitation was about 52 percent of normal in 1950 and about 33 per-

cent of normal in 1957. During I96I, precipitation was about ^6 percent

of the 50-yeax normal figure.

The estimates of net water use shoim in Table 11 are, therefore,

probably on the low side for 1950, 1957, and I96I as compared to actual

water use in those years . However, the total amount of precipitation in

desert areas is usually quite small even during wet years, thus the values

given in Table 11 are considered to be reasonable estimates of changes in

water use.

In general, the data presented in Table 11 indicate that changes

in net water use reflect the changes in land use described in Chapter III.

The overall net water use for the area decreased about I3 percent between

1950 and 1961, primarily as a result of decreases in irrigated agriculture.

Urban requirements increased substantially, more thein 6-I/2 times the water

use in 1950, but at the present time, they constitute only about I8 percent

of the total net water requirements of the area. On the other hand, water

requirements for agriculture decreased in all areas except in the Mojave

River and northern Death Valley Units.
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TABLE 11

ESTIMATED LEVEI5 OF NET WATER USE IN THE SOUTHERN LAHONTAN AREA
FOR COiraiTIONS OF DEVELOPMENT IN 1950, 1957, AND I96I

In acre-feet

Hydrographic unit
Differ- : Differ-
ence : ence

1950-1961 : 1957-1961

Mono Lake Unit

Irrigated lands



ESTIMATED LEVELS OF NET WATER USE IN THE SOUTHERN LAHONTAN AREA
FOR CONDITIONS OF DEVELOPMENT IN 1950, 1957, AND I96I

(continued)

In acre-feet

Hydrographic unit :





CHAPTER V. SUMMARY OF FINDINGS AND CONCLUSIONS

The results of the I96I land and water use survey of the southern

Lahontan area of California, a comparison with the 1950 and 1957 survey

results, and the conclusions drawn from this study are summarized in this

chapter

.

Summary of Findings

This investigation disclosed that in I961 the following land

uses and water requirements existed in the area of investigation:

1. Population in the study area increased from 71,000 in 1950

to 177,000 in i960, an increase of 1^4-9 percent. Growth in the town of

Lancaster exceeded that of other areas, increasing from 3,600 persons in

1950 to 26,000 in i960.

2. A total of 187,500 acres, or about 1 percent of all lajids

vri.thin the survey area, have been developed for urbaxi and suburban uses,

or irrigated agriculture uses . This represents a decrease of about 30 per-

cent since the 1950 survey for the northern portion of the area, (that

above the Kern-San Bernardino- Inyo county line), and an increase of 6k per-

cent since the 1957 survey in the southern portion.

3. The gross urban and suburban area -^ras slightly more than

98,000 acres in I96I. In the northern part of the investigational area,

the gross urban and suburban water service ajreas increased from about

800 acres in I95O to 5,300 acres in I961. In the southern portion of the

study area the gross urban and suburban v/ater service area increased from

about 17,100 acres in 1957 to 92,800 acres in I961. These values include

vacant land undergoing subdivision.

.1+9-



CO

H
a
•H
u

<

H
•H
,c
O
•H

•a

o
-p
o

w
t-:i

-50-



h. The s^oss irrigated agricultural area in the southern portion

of the study area was about 83,000 acres in I96I, e decrease of approxi-

mately 8 percent over the 90,000 acres that existed in 1957- The northern

portion contained about 6,300 acres of irrigated agriculture, approximately

9,300 acres, or nearly 60 percent less than the 1950 total.

5, About 2^8,900 acre- feet was the estimated net mean seasonal

level of v/ater used by -t-reiter- using developments. O'/erall net water use

decreased about 38,500 acre-feet or 13 percent between 1950 to I96I, mainly

as a result of decreases in irrigated agriculture. The acreage of agricul-

tural lands under irrigation in the Ovrens River and Mono Lake Units during

any year is dependent on operations of the City of Los Angeles. Therefore,

the acreage in irrigated agriculture in these units is subject to wide

fluctuations from year to year, and the I3 percent decrease in net water

use bet^jeen 1950 and I96I reported herein is not representative of actual

conditions prevailing between the survey years because, as indicated

earlier, I961 -vra-s a dry year, with precipitation only about kS percent

of the 50-year normal. Urban requirements have gone up considerably,

but they have only a minor effect upon the total picture because they

constitute but I8 percent of the total net vrater requirements of the area.

Conclusions

Based on the results of this investigation, it is concluded

that:

1. VJhere ein adequate supply of water is available, cultural

development has occurred and has been sustained in the southern Lahontan

area.
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2. Trends regarding land and water use along vath population

growth patterns are not firm enough to predict with precision the water

supplies that will be needed in the future. Therefore, future land use

surveys will be needed

.
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APPENDIX A

DEFINITION OF TERMS USED IN REPORT

Annual - The 12-month period from January 1 of a given year through

December 31 of the same year, sometimes termed the "calendar year".

Applied VJeter - Water delivered to a farmer's heedsete, in the case of

irrigation use, or to an individual's meter in the case of urban

use, or the equivalent. Applied ^-ater does not include direct

precipitation

.

Average - An arithmetical average relating to a period other than a mean

period

.

Consumptive Use of Water - Water consumed by vegetative growth in trans-

piration and building plant tissue, and water evaporated from adja-

cent soil, from water surface, and from foliage. It also refers to

water similarly consumed and evaporated by urban and nonvegetative

types of land use.

Hydrographic Unit - A classification, established for purposes of hydro-

logic study, used in Bulletin No. 2 to designate an area whose

boundaries were detennined from consideration of v/ater supply and

related i/ater service.

Hydrologic Unit* - In this bulletin, a classification embracing one of

the following two topographic characteristics, both of which are

defined by surface drainage divides:

*The areal designation system, i.e., categorizing areas into units, sub-

units, and subareas, is designed to separate data according to areas

of hydrologic significance. The system, as developed, does not differ-

entiate between ground water-bearing formations and nonground water-

bearing tributary areas, although land use, as inventoried, does

differentiate between such boundaries.
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a. In general, the toteuL watershed area, including v/ater-bearing

and nonwater-bearing formations, such as the total drainage

area of the Ventura River Valley.

b. In coastal areas, two or more small contiguous watersheds having

similar hydrologic characteristics and water supply problems,

each watershed being directly tributary to the ocean and all

watersheds emanating from one mountain body located immediately

adjacent to the ocean.

Hydrologic Subunit* - In this bulletin, a major logical subdivision of a

hydrologic unit, including water-bearing and nonwater-bearing forma-

tions, best typified by a major tributary of a stream, a major valley,

or a plain along a streem containing one or more ground water basins

and having closely related geologic, hydrologic, and topographic

characteristics

.

Hydrologic Subarea* - In this bulletin, a logical subdivision of a hydro-

logic subunit which may include either water-bearing or nonwater-

bearing formations or both. Vfiiere possible, a hydrologic subarea

includes one known ground water basin and its tributary area; the

ground water basin comprising the water-bearing deposits of the sub-

area. In areas which are essentially nonwater-bearing, the subarea

division was based only on surface drainage conditions, and such

factors as locations of gaging stations were given due consideration.

*The areal designation system, i.e., categorizing areas into units, sub-

lonits, and subareas, is designed to separate data according to areas

of hydrologic significance. The system, as developed, does not differ-

entiate between ground v/ater-bearing formations and nonground water-

bearing tributary areas, although land use, as inventoried, does

differentiate between such boundaries.
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Mean - An arithmetical average relating to a mean period.

Mean Period - A period chosen to represent conditions of water supply and

climate over a long series of years. For the current investigation,

the mean precipitation period embraces the 50 seasons from I89T-98

through 19^+6-1+7.

Net Water Use - That portion of the \iater historically applied, or esti-

mated to have been applied, which is consumptively utilized for bene-

ficial purposes or otherwise irrecoverably lost. It does not include

that portion of the applied water that is subject to possible reuse.

Present - Land use and water use and supply conditions prevailing during

the 1960-61 season.

Seasonal - Any 12-month period other than the calendar year.

Water Requirement - The water needed to provide for all beneficial, uses

and for all irrecoverable losses incidental to such uses. Water

requirement includes the portion supplied from direct precipitation.

Water Use - Water use includes all employments of water by nature or man,

whether consumptive or nonconsuinptive, as well as irrecoverable

losses of water incidental to such employment, and is synonymous

with the term "water utilization"

.
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APPENDIX B

LAND USE IN HYDROLOGIC UNITS, SUHJNITS, AND SUBAREAS

OF THE SOUTHERN LAHONTAN AREA, IN I96I
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LIST OF DISTRICTS, AREAS, AND UNITS
FOR WHICH INDIVIDUAL TABULATIONS
OF 1961 LAND USES ARE AVAILABLE





APPENDIX C

LIST OF DISTRICTS, AREAS, AND UNITS
FOR WHICH INDIVIDUAL TABULATIONS
OF 1961 LAND USES ARE AVAILABLE

Utilizing machine techniques that were developed for processing

data from this survey, individual tabulations of 196I land use can be

obtained for most of the political and hydrologic subdivisions within

the area of investigation. However, reasonable limitations do not permit

all these individual tabulations to be published in this report.

For those persons requiring more detailed information, this

appendix lists all districts, areas, and units for which I961 land use

can be individually determined and tabulated by machine methods using

data available in Department of Water Resources files. It should be

noted that data were based on I96I conditions, including boundaries, and

have not been modified to reflect subsequent changes.

Census Tracts

Census Divisions

Community Seirvices Districts

County Water Districts

County Water Works Districts

Flood Control Districts

Incorporated Cities

National Forests

Public Utility Districts

Sanitary Districts

Sanitation Districts

State Parks

U. S. Geological Survey
Quadrangles
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PLATE I

tOGAPHIC AREA AND UNITS

IF LAHONTAN HYDROGRAPHIC AREA

7 MONO LAKE UNIT

8 ADOBE VALLEY UNIT

9 OWENS RIVER UNIT

10 DEATH VALLEY UNIT

I I MOJAVE RIVER UNIT

12 ANTELOPE VALLEY UNIT

^^'^-^

-jVl-',-hf-«-v

LOCATION MAP

LEGEND

^^ ^^ BOUNDARY OF INVESTIGATIONAL AREA

BOUNDARY OF HYDROGRAPHIC UNIT

6- 8 HYDROGRAPHIC AREA AND UNIT NUMBER

STATE OF CALIFORNIA
THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SOy^HERN DISTRICT

SOUTHERN LAHONTAN AREA
LAND AND WATER USE SURVEY, 1961

AREA OF INVESTIGATION
AND

HYDROGRAPHIC UNITS
SCALE OF MILES

10 20 30





HYDROGAPHIC AREA AND UNITS

PORTION OF LAHONTAN HYDROGRAPHIC AREA

6





W-01.00

w-o?.oo

W-03.00
W-03.A0
W-03.B0
W-03.C0
W-03.D0

W-Ct.OO

W-05.00

W-06.00
W-06.A0
W-06.B0

W-07.00
W-O7.A0
W-07.B0

w-oe.oo
W-08.A0
W-08.B0
W-08.C0
W-08.D0

W-09.00
W-09.AO

W-09.A1
W-09.A2
W-09.A3

W-09.B0
W-09.B1
W-09.B2
W-09.B3
W-09.B4

W-09.C0
W-09.C1
W-09.C2

W-09.D0
W-09.D1
W-09.D2
W-09.D3
W-09.D4

W-10.00

W-11.00

W-12.00

W-13.00
W-13.A0
W-13.80

W-14.00

W-15.00
W-15.A0
W-15.B0

W-16.00

W-17.00

W-18.00

W-19.00

HYDROU

MONO HYD90 UNIT

SnOBE HYDRO UNIT

OWEN^ HYDRO UNIT
LONG HYDRO SUBUNIT
UPPER OWENS HYDRO 51.

LOWER OWENS HYDRO S

CENTENNIAL HYDRO SU

FISH LAKE HYDRO UNIT

DEEP SPRINGS HYDRO UN

EUREKA HYDRO UNIT
MARBLE BATH HYDRO SLJ--

EUREKA HYDRO SUBUNIT

SALINE HYDRO UNIT fn,

SALINE HYDRO SUBUNITn,,
CAMEO HYDRO SUBUNIT

RACE TRACK HYDRO UNIT
RACE TRACK HYDRO SUE
HIDDEN VALLEY HYDRO
ULIDA HYDRO SUBUNIT
SAND FLAT HYDRO SUB

AMARGOSA HYDRO UNIT
DEATH VALLEY HYDRO

DEATH VALLEY HYDR
HARRIS8URGH HYDRO
WINGATE WASH HYDRC

VALJEAN HYDRO SUBUNI
AVAWATZ HYDRO SUB
RED PASS HYDRO SU
VALJEAN HYDRO SUBrf^

SHADOW HYDRO SUBAf^
FURNACE CREEK HYDRO

FURNACE CREEK HYDF.
GREENWATER HYDRO <

AMARGOSA HYDRO SUSU^
CALICO HYDRO SUBAF
AMARGOSA HYDRO SU
CHICAGO HYDRO SUB
CALIFORNIA HYDRO

PAHRUMP HYDRO UNIT

MESOUlTE HYDRO UNIT

IVANPAH HYDRO UNIT

OWLSHEAD HYDRO UNIT
LOST LAKE HYDRO SUBL^
OWLSHEAD HYDRO SUBUN

LEACH HYDRO UNIT

NELSON HYDRO UNIT
MCLEAN HYDRO SUBUNIT
NELSON HYDRO SUBUNIT

BICYCLE HYDRO UNIT

GOLDSTONE HYDRO UNIT

COYOTE HYDRO UNIT

SUPERIOR HYDRO UNIT
STATE OF CALIFORNIA

THE RESOUHCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

SOUTHERN LAHONTAN AREA
LAND AND WATER USE SURVEY, 1961

HYDROLOGIC UNITS, SUBUNITS,
AND SUBAREAS

SCALE OF MILES





W-03.A0
M-03.B0
W-D3.C0
H-OS.OO

W-OA.OO

W-O5.O0

W-Oft.OO
H-OA.aO
w-oa.HO

W-O8.C0
W-06.0D

<-lltOn

(-13. 00
W-13.A0
W-13.90

AREAL DESIGNATIONS

HYOROLOGIC UNITS, SUBUNITS AND SUBAREAS

LAHONTAN DRAINAGE PROVINCE

MONO HT090 UNIT

«r)OBE HYDRO UNIT

0WEN5 KVOflO UNIT
LONG HrOfO SUBUHIT
UPPER OWENS HTPPO SUeunlT
LOWeO OMENS HVOHO SUBUNIT
CENTENNIAL HYDRO SUBUNIT

FISH LAKE HYDRO UNIT

DEEP SPRINGS HYDRO UNM

EUREKI HVono UNIT
MARBLE BATH HYDRO 5UBUNIT
EUREKA HYDRO SUBUN I

T

SillNE HYDRO UNIT
SALINE HYORO SUBIJNIT
r«MEo HYOffo susuNir

RACE TRACK HYDRO UNIT
RACE TRACK HYDRO SUDUNIT
MIDDEN VALLEY HYDRO SuBUHIT
ULID* HYDRO SUBUNIT
SAND FLAT HYORO SUBUNIT

amargos* hydro unit
death valley hydro subunit

death valley hyoro suoarea
hahrisburgh hydro SUBAREA
vingate wash hydro subarea

VALJEAN hydro SUBUNIT
AV»W*TI HYDRO SUBtREi
ped pass hydro subarea
valjean hyoro suiare*
shadow hyoro subare*

furnace creek hydro susuni t

Furnace creek hydro subabea
greenhater hidro su6area

amargosa hyoro subunit
CALICO HYDRO SUSAREa
AMARGOSA HYDRO tUBAOFA
CHICAGO HYDRO SUB»«£A
CALIFORNIA HYDRO 5UBAREA

PAHRUHP HYDRO UNIT

MESOulTE HYORO UNIT

IVANPAH HYDRO U>«IT

OMLSHEAD HYORO UNIT
LOST LAKE HYORO SUBUNIT
OWLSHEAO HYORO SUBUNIT

LEACH HYORO UNIT

NELSON HYDRO UNIT
NClEAN hydro SUBUNIT
NELSON HYDRO SUBUNIT

eiCYClE HYORO UNIT

GOLDSTONE HYORO UNIT

COYOTE HYORO UNIT

SUPERIOR HYDRO UNIT

-20.00





AREAL DE
HYDROLOC

LAHONTAN ORAI

W- O I
MONO

W-02 ADOBE

W-03 OWENS

W-O^ PISH L

W-05 DEEP

W-06 EUREK

W-OT SALINE

W-08
W-09
W-IO
W-l I

W- 12

W- 13

W-15

W-16

W-17
W-18

W-19

PLATE 3A

RACE

AMARGJ

PAHRui

MESQUr

IVANPA

OWLSH

LEACH

NELSO

BICYCL

GOLDS

COYOTI

SUPERI

W- 20 PANAM

W-21 SEARLi

W-22 coso

W-23 UPPER

W-24 INDIAN

W-25 FREMOl

W-26 ANTEU

W-27 CUDDE

W-2 8 MOJAVl

W-2 9 BROAD

LOCATION MAP

LEGEND

B0UND4RV OF INVESTIG4TI0NAL 4HEA

BOUNDARY OF HYDROLOGIC UNIT

BOUNDARY OF FEDERAL AND STATE LANDS

IRRIGATED AGRICULTURE

URBAN RESIDENTIAL

COMMERCIAL

INDUSTRIAL-MANUFACTURING ANO PROCESSING

J
INDUSTRIAL- EXTRACTIVE, STORAGE, AND TRANSPORTATION

RECREATIONAL RESIDENTIAL

W~05 DRAINAGE PROVINCE (W) ANO HYDROLOGIC UNIT DESIGNATION

\

STATE OF CALIFORNIA

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

SOUTHERN LAHONTAN AREA
LAND AND WATER USE SURVEY, 1961

PRESENT LAND USE

i.

SCALE OF MILES

W-09^
X.





AREAL DESIGNATIONS
HYDROLOGIC UNITS

LAHONTAN DRAINAGE PROVINCE

W-OI MO^tO HYDROLOGIC UNIT

W-02 ADOBE MrDROLOGIC UNIT

W-03 OWENS HYOROLOSIC UNIT

W-04 P'SM LAKE HYDROLOGIC UNIT

W-05 DEEP SPBINGS HYDROLOGIC UNIT

W-06 EUREKA HYDROLOGIC UNIT

W-07 SALINE HYDROLOGIC UNIT

W-Oe RACE TRACK HYDROLOGIC UNIT

W-09 4MARC0SA HYOROLOSIC UNIT

W-IO PAHRUMP HYDROLOGIC UNIT

W-l I
MESOUITE HYDROLOGIC UNIT

W-12 IVANPAH HYOBOLOGtC UNIT

W-l 3 OWLSHEAD HYDROLOGIC UNIT

W-l 4 LEACH HYDROLOGIC UNIT

W- 15 NELSON HYDROLOGIC UNIT

W- 16 BICYCLE HYDROLOGIC UNIT

W-l 7 GOLOSTONE HYDROLOGIC UNIT

W-l 8 COYOTE HYDROLOGIC UNIT

W-l 9 SUPERIOR HYDROLOGIC UNIT

W-20 PAMAMINT HYDROLOGIC UNIT

W-2 1 SEARLES HYDROLOGIC UNIT

W-22 COSO HYDROLOGIC UNIT

W-23 UPPER CACTUS HYDROLOGIC UNIT

W'24' INDIAN WELLS HYDROLOGIC UNIT

W-25 FREMONT HYDROLOGIC UNIT

W-26 ANTELOPE HYDROLOGIC UNIT

W-27 CUDDEBACK HYDROLOGIC UNIT

W-2 8 MOJAVE HYDROLOGIC UNIT

W-29 BROADWELL HYDROLOGIC UNIT

LOCATION MAP

10«BT OF t€Oe«»L I

]
—

.-£IIH«TtVC, StOBAM, *«0 ISlNSPOB'l

I
I
H€CBE«IIO««L KdlOENTUL

W-05 l>Bi\l.iat PROVtNCE IWJ AND KIDROLaeiC UNIT CI

-, \ '

* MONOV N—^—INYO- .,, ,

I ol ROUND**

SOUTHERN LAHONTAN AREA
LAND AND WATER USE SURVEY, 1961

PRESENT LAND USE

iT^ iTA





AREAL DES
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AREAL DESIGNATIONS
HYDROLOGIC UNITS

LAHONTAN DRAINAGE PROVINCE

W-OI MONO MTDflOLOSIC UNIT

W-02 ADOBE hvorologic unit

W-0 3 OWENS HYDROLOGIC UNIT

W-04 FISH LAKE HYDROLOGIC UNIT

W-05 DEEP SPRINfiS HTDflOLOGIC UNIT

W-06 EUREKA HYDROLOGIC UNIT

W-OT SALINE HYDftOLOOlC UNIT

W-OB "ACE TRACK HYDROLOGIC UNIT

W-09 AMARGOSA HYDROLOGIC UNiT

W-IO PAHRUMP HYDROLOGIC UNIT

W-l I
MESOUITE HYDROLOGIC UNIT

VV-12 IVANPAH HYDROLOGIC UNIT

W- I 3 OWLSHEAD HVDROLOQiC UNIT

W-14 LEACH HY0R0L0C1C UNIT

W- IS NELSON HYDROLOGIC UNIT

W-16 eiCYCLE HYDROLOGIC UNIT

W-l 7 60LDST0NE HYDROLOGIC UNIT

W-18 COYOTE HYDROLOGIC UNIT

W-l 9 SL^PERIOR HYDROLOGIC UNIT

W-20 PANAMINT HYOROLOCIC UNIT

W-21 SEAflLES HYDROLOGIC UNIT

W-22 COSO HYDROLOGIC UNIT

W-23 UPPER CACTUS HYDROLOGIC UNIT

W-24- INDIAN WELLS HYDROLOGIC UNIT

W-25 FREMONT HYDROLOGIC UNIT
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